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Imaging of in vivo model systems, especially mouse models, has revolutionized our understanding of normal
and pathological developments. However, mice present several challenges for imaging. They are living and
therefore breathing organisms with a fast heart rate (>500 beat/min), which necessitates the need for
restraints and positioning controls that do not compromise their normal physiology. We present here a device
that immobilizes the rear legs of a mouse while retaining the ability to position both the hind feet and legs for
reproducible imaging deep below the skin’s surface. The device is highly adjustable to accommodate mice,
5 weeks of age and older. The function of this device is demonstrated by imaging the vasculature ~250 um
beneath the skin in the hind leg. Whereas the overall dimensions are for a motorized stage (Marzhauser
Wetzlar GmbH, Wetzlar, Germany), minor modifications would allow it to be customized for use with most

commercially available stages that accept an insert.
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INTRODUCTION

The impetus for developing this device was the need to
image changes in the vasculature and vessels (angiogen-
esis) in response to small molecule modulators. Angio-
genesis is the process by which new vessels are created
from existing vasculature, in a de novo manner. This
process involves interactions among different cell types,
in addition to reciprocal interactions of vessels with the
surrounding ECM and the hypoperfused tissue. Infor-
mation can be obtained from simple experimental mod-
els, such as cultured endothelial cells; however, cell
culture cannot fully demonstrate the complexity of an-
giogenesis and will always require confirmation of re-
sults. Ideally, such confirmatory studies should be car-
ried out by in vivo approaches." To more fully
understand angiogenesis, images need to be acquired in
three dimensions (3D; ~500 pwm deep), thus necessitat-
ing the use of multiphoton (MP) imaging. As hair is
highly autofluorescent, the hind leg, proximal to the
hind paw, is an ideal location to image vasculature, as
well as other tissues, as it is devoid of hair follicles.
Whereas this device was developed for angiogenesis
studies, it is amiable to any study that requires imaging
of hairless regions of a mouse, such as blood flow, wound
healing, or cell migration.
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MP microscopy uses ultrafast, near-infrared laser
pulses for the excitation of fluorophores. This excitation is
based on nonlinear optical excitation of fluorophores in
tissues, such as two or three photon-excited fluorescence.
With the use of this technique, excitation occurs only at the
focal point of the microscope, thus providing enhanced
imaging depth, as well as reduced overall specimen pho-
todamage, photobleaching, and phototoxicity. These ad-
vantages make it more suitable for studying intact, living
organs/tissues than conventional confocal microscopy. It
has become an invaluable optical technique and is used in
many disciplines of biology and several different areas of
medicine.”®

Whereas there is a variety of devices for restraining
mice during imaging,”> none was appropriate for re-
straining a mouse in the proper orientation for imaging of
the hind leg. The simplest technique would be to have the
mouse on its back and then to tape its toes to a coverslip.
However, this technique causes significant blurring and the
formation of “double images” of vessels within the 3D
volume as a result of movement of the mouse during image
acquisition (Fig. 1).

MATERIALS AND METHODS
Animals

All animals used in this study were handled in accordance with
the guidelines of the Wadsworth Center’s Institutional Animal
Care and Use Committee. A/J and TgN(TIE2GFP)287Sato/]
(The Jackson Laboratory, Bar Harbor, ME, USA) mice were used
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FIGURE 1

Maximum intensity projections of dextran-labeled vasculature in
115 pm vol. (A) A mouse imaged while anesthetized but mini-
mally restrained, i.e., mouse on its back toes tapped to coverslip.
Note the double image of some vessels and the smearing of other
vessels. (B) A mouse imaged while anesthetized and in the stereo-
tactic device. Note that the vessels appear clear and sharp.
Original bar = 40 um.

in all experiments. Mice were anesthetized by exposure to the
inhalation agent isoflurane or through an ip. injection of 80
mg/Kg ketamine combined with 10 mg/Kg xylazine. Immedi-
ately prior to imaging, anesthetized mice were given a 100-pl
lateral tail-vein injection of 2% 70 kDa FITC- or TRITC-conju-
gated dextran (Sigma-Aldrich, St. Louis, MO, USA) in sterile,
200 mM dextrose in 0.9% NaCl. Alternatively, or in combina-
tion with the dextran injections, TgN(TTE2GFP)287Sato/] mice
were used, which carry a GFP transgene, driven by the endothe-
lial-specific receptor tyrosine kinase (Tie2) promoter, enabling
vessel visualization via MP imaging. Mice were then placed on the

FIGURE 2

Photograph of the top view of the device with the anesthetized
mouse in place. Note the orange heating pad that is used to maintain
the mouse’s internal temperature and the MouseOx sensor on the
tail of the mouse. The callout (red ellipse) is a bottom view of the
imaging area, showing the chamfer machined to allow high NA
objective lens clearance and thereby to allow for a larger working
area for the objective lens.
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stereotactic device and their hind feetand legs secured (Fig. 2) The
rubber-coat foot clamps are adjusted to firmly hold the toes in
position. The padding on the toe restraints (Fig. 2; see Machin-
ing) assures that the foot is held firmly but without damage to the
tissues in the toes. The adjustable leg clamps are used to stabilize
the lower leg, further immobilizing the foot region during imag-
ing. For larger mice, their front legs can be secured to the two strait
posts via small rubber bands (not shown). Vital signs, including
pulse, respiration, and oxygen saturation, were monitored with
the MouseOx system (Starr Life Sciences, Oakmont, PA, USA)
throughout all procedures.

Machining
The base of the device was machined from a solid plate, 165 X
115 X 9.5 mm of 6061 aluminum. This metal alloy was
chosen for its ease of machine, light weight, as well as its
ability to be anodized (corrosion resistance) The restraint
systems were also machined from 6061 aluminum blocks
of appropriate sizes. The pivot rods were 3.175 mm diam-
eter, 303 stainless steel. As a result of the tight tolerances of
reamed holes, ground stainless rods were used to avoid
binding or having excessive play in the toe restraints. This
alloy and diameter were chosen as a result of their commer-
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FIGURE 3

Drawing of the stereotactic device showing all of the salient parts
and their location.
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FIGURE 4

Mechanical drawing of the stereotactic device, including an enlarge-
ment of the objective lens clearance cut. Device is orange, center
lines are purple, hidden lines are black, and tapped holes are blue. All
dimensions are in millimeters.

cial availability, which reduce machining times. Standard
machining practices were used for all parts. A 10° chamfer
was cut around the observation slot on the bottom of the
tray with an adjustable chamfer end mill (Fleximill 340W;
MSC Industrial Supply, Melville, NY). The use of this end
mill would allow different chamfer angles to be machined
based on the user’s objective lens and microscope configu-
ration. Final wall thickness of the observation slot at the
opening is 0.2 mm. This was done to facilitate the use of
short working distance, i.e., high NA, objectives. Screws are
commercially available (303 stainless steel) 4—40 thread,
and were equipped with press-on nylon knurled heads to
allow for easier adjustment. The ends of foot restraints that
come into contact with the toes are dipped into a rubber-
coating material (Plasti Dip International, Blanie, NM,
USA) before assembly. AutoCAD drawings of all parts are

available upon request.

Imaging
Individual mice were restrained and imaged on a stereo-

taxic device stage inset (as shown in Fig. 2). The internal
temperature of the mouse was maintained by a resistive
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heating pad that was held at 37°C. Mice were imaged with
a Leica SP5 confocal (Leica, Wetzlar, Germany), equipped
for MP imaging (Mai Tai laser; Spectra-Physics, Newport,
Irvine, CA, USA). The MP laser was tuned to 760/820 nm
to image the FITC/TRITC-labeled dextran and 810 nm to
image expressed GFP. Nondescan detectors were used
to collect all image data. These detectors are located as close
to the objective lens as possible and outside of the confocal
scan head, thereby maximizing the signal at the lowest
possible photon dose. A 20X (0.7 NA) water objective lens
was used to collect all images.

To capture 3D information, Z-stacks (1.2 wm/slice)
were collected. Mice anesthetized with ketamine/xylazine
had significantly less movement and muscle twitching than
did mice anesthetized with isoflurane. Although it is possi-
ble to reduce the effects of such movement in the resulting
stack projection via 3D digital image processing, less image
processing is always more desirable. Isoflurane can be used
for the initial anesthesia; however, we recommend that
ketamine/xylazine be used as the anesthesia while collecting
images.
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FIGURE 5

Mechanical drawing of the restraint apparatus use on the device.
Parts are orange, center lines are purple, hidden lines are black, and
tapped holes are blue. All dimensions are in millimeters.
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Image Processing

Image stacks were contrast-stretched and histogram-equal-
ized in Fiji."* Multichannel stacks were combined, pseudo-
colored, and exported as Audio Video Interleave files via
Fiji.

RESULTS AND DISCUSSION

Whereas it is possible to immobilize an animal com-
pletely and thereby eliminate all of its movement, the
resulting stress and harm to the animal would be unac-
ceptable. The presented stereotaxic device (Figs. 2-5)
uses multiple restraint points and has proven to stabilize
a mouse’s foot mechanically, thereby allowing multi-
channel 3D imaging, which requires several minutes to
complete. We have found no deleterious effect of the
device on the mouse’s health during imaging or from
postimaging examinations. In fact, we used this device rou-
tinely during multiple imaging sessions in longitudinal studies
spanning 6 weeks with no detectable adverse effects on the
mice." Whereas the overall dimensions for the presented de-
vice are for a specific motorized stage (Miarzhduser Wetzlar
GmbH, Wetzlar, Germany), minor modifications would al-
low it to be used with most commercially available stages
equipped with inserts (Figs. 3-5).

Two-channel, 3D volume through 150 wm depth can
be collected routinely (starting s.c. and proceeding ante-
rior) with this method (Supplemental Movie 1). As it is
often required that multichannel MP imaging be acquired
sequentially, mouse stability is a paramount concern, as any
movement within a series or between series will degrade the
3D volume and can cause artifacts, as is clearly visible in
Fig. 1. The total collection time for Supplemental Movie 1
was >3 min; this demonstrates further the stability of the
mouse’s foot held in the device. Whereas it is possible to
perform 3D averaging to reduce vessel movement, it inher-
ently causes errors in vessel volume measurements and
reduces the accuracy of other measurements.
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